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ABSTRACT
The availabi l i ty and losses of NO3-N, Ca and K in an
olive-orchard soil under two fertigation treatments (1 and 2 kg
urea/tree year) have been studied. The amount of water applied to
both treatments and to the treatment without fer t i l izat ion (only
water) corresponded to the equivalent of 0.4 times the evaporation
observed in a class A pan. The availabi l i ty of NO3-N and Ca in
the soil was very high. Analysis of leachates showed that K is
slowly lost from the so i l , although the ARK values suggest
that the soil can easily recover these losses.
INTRODUCTION
The application of N, either as nitrate or urea, dissolved in
the irr igat ion water, is a method increasingly employed in modern
Spanish ol iv iculture. The use of urea is in general more
advantageous due to both i t s lower price and a minor chance of
losses by percolation (1); i t also achieves a better distr ibu-
tion of N within the soil prof i le , and reduces volat i l izat ion of
the product (2) which is very important under certain
edaphoclimatic conditions (3).
The changes and transíocations of urea-N in irrigated soils
have been studied under different environmental conditions (4,5),
but from a nutritional point of view, other aspects should also be
considered, as the influence of urea on the avai labi l i ty and
mobilization of other nutrients. The present work shows
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provisional results from an experiment carr ied out on the
a v a i l a b i l i t y , and potential losses by percolat ion, of n i t r a te ,
calcium and potassium in an o l ive orchard subjected to various
i r r i ga t i on treatments.
MATERIAL AND METHODS
The experimental work has been carr ied out on a 1 ha plot
wi th in an intensive o l ive orchard, var "Manzanillo", under drip
i r r i g a t i o n . Four treatments were used:
oo control, without irrigation or fertil ization.
R4F0: irrigated with the equivalent of 0.4 E, without
fertilization.
R4F-]: irrigated as above; fertilized with 1 kg
urea/(tree year)
R4F2: irrigated as above; fertilized with 2 kgurea/(tree year)
Before the irr igat ion period (February), during the period
(May and July) and after (October), soil samples were taken at
0-30, 30-60 and 60-90 cm depth for each treatment, in which were
determined NO3-N (extraction by method of Sims and Jackson (6)
and colorimetry according to Scheiner (7); Ca by atomic absorption
espectrophotometry in 1:10 soil-water extract; K potential in soil
solution, according to Beckett (8). Samples of leachates were
also taken at 30 and 70 cm depth, in R4F0 and R4F2
treatments, in which NO3-N, NO2-N, Ca, and K were analysed.
All determinations, soils and leachates, were done in t r ip l icate .
Potassium potential was analysed at a 0-30 cm depth.
RESULTS AND DISCUSSION
The soi l of the experimental p lo t shows a very high content
of CaC03 (ca 33%), high pH (ca 8, in water), and an oxidizable
organic matter content of ca 1.6% (0-50 cm depth) and a cation
exchange capacity of ca 14 meq 100 g"1 (0-50 cm depth). Texture
i s sandy-loamy-clay to a depth of 90 cm and sandy-loam downwards
(9).
Mean NO3-N content in the so i l p ro f i l e to a depth of 90 cm
is shown in Figure 1 for the four dates already mentioned.
Signi f icant differences (p < 0.01) are found between treated and
non-treated p lo ts . However, no s ign i f i cant differences are found
between treatments, which suggests that the f e r t i l i z a t i o n of 1 kg
urea/(tree year) i s enough for the o l ive trees. F ina l l y , i t i s
important to note that d is t r ibu t ion of N through the p ro f i l e i s
adequate, as, for example, at 30 cm depth, NO3-N in treatment
using 1 kg of urea, varies from 200 to 230 ppm, 150-180 ppm a t
30-60 cm and 100-130 ppm at 60-90 cm. I t i s also important to
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FIG. 1. NO3-N contents in the soil. ( — ) humid zone;
dry zone; (0) R4F2; (•) R4F1; (D) R4F0; (X) RQFQ.
note that there are notable differences between the NO3-N
contents of the areas affected by the fertilization and the dry
zones (non-affected areas) (Fig. 1), these aspects being important
in order to use adequately the drip system for irrigation.
The application of urea, due to the increase of NH4 and
NO3 in the soil, mobilizes other nutrients, Ca being the most
affected in this case, as shown in Figure 2. There are highly
significant differences in Ca contents between zones treated with
urea and zones without fertilization (p < 0.01). The increase
of Ca level may probably affect the availability of other
nutrients in the soil, this aspect being now studied in more
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FIG. 2. Ca contents in the soil. (—) humid zone; ( ) dry
zone; (0) R4F2; (0) I^F]; (•) R4F0; (X)
detail. Also a mobilization of K should be expected, although no
specific changes have been noticed during this experiment using
traditional methods (K extracted by ammonium acetate, data not
shown). On the contrary, the activity ratio AR9 slightly dimin-
ishes in all cases, is also important for the fertigation system
which provides a low but continuous supply of K (Fig. 3).
Leachates Analyses: Results from leachates analyses (Tables 1 and
2) agree with data shown above, especially regarding NO3-N
availability and Ca concentration, particularly at 30 cm.
Referring to K, data in Tables 1 and 2 also show that the
application of urea increases the losses, but perhaps its
availability too, as urea conversion is a long-term process.
AR^ values suggest that the soil can easily recover these
losses, at least for the period studied. Further work is
necessary on this topic.
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FIG. 3. Potassium Q/I relationships for the soil corresponding to
the treatments R4F0 and R4F2 (0-30 cm depth).
TABLE 1
Leachates Analyses from the R4FQ and R4F2
Treatments at 30 cm Depth
R4F0
R4F2
NO3-N
NO2-N
Ca
K
NO3-N
NO2-N
Ca
K
May
157.5
6.6
235.0
4.4
542.0
108.0
751.0
13.0
June
65.0
<2
144.0
10.4
900.0
215.0
1177.0
17.0
Early
July
31.5
<2
183.0
6.6
425.0
85.0
890.0
36.0
Late
July
17.5
10.3
137.0
5.0
1500.0
140.0
1225.0
32.0
October
14.0
<2
—
4.5
40.0
<2
239.0
7.3
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TABLE 2
Leachates Analyses from the R4FQ and R4F2
Treatments at 70 cm Depth
R4F0
R4F2
NO3-N
N02-N
Ca
K
NO3-N
NO2-N
Ca
K
May
157.0
<2
250.0
8.0
574.0
332.0
874.0
44.0
June
65.0
<2
153.0
3.6
650.0
—
820.0
34.0
Early
July
15.5
<2
168.0
4.0
230.0
110.0
1050.0
40.0
Late
July
17.5
5.0
123.0
4.0
180.0
—
1039.0
35.0
October
32.0
<2
113.0
4.0
13.0
<2
271.0
5.6
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